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An Agrobacterium tumefaciens-mediated transformation was developed for 
cabbage (Brassica oleracea subsp. capitata) cultivar KY Cross by introduction of 
the AtHSP101 gene.  
 
The AtHSP101 cDNA was cloned in place of gusA in pCAMBIA1301 binary 
vector to produce an effective binary vector construct of AtHSP101 gene for 
transformation work. The construct named pCAMHSP and the successful cloning 
was confirmed by both restriction enzymes analysis and Polymerase Chain 
Reaction (PCR) assay. Electrophoresis of double digestion product of pCAMHSP 
binary vector (~12.5Kb) showed both the expected band sizes of ~9800 bp and 
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~2750 bp. Also, PCR analysis produced a ~2750 bp band which indicated the 
presence of the AtHSP101 inside the pCAMHSP designed binary vector. 
 
 
Before transformation, the minimum inhibitory concentration of hygromycin was 
determined for hypocotyl and shoot tip explants of cabbage cv. KY Cross to be 
used in the selection of putative transformants. Hygromycin B at 3.5 and 10 mg/L 
were selected as the minimum inhibitory concentrations for causing the death of 
hypocotyl and shoot tip explants respectively.  
 
Two different Agrobacterium tumefaciens strains (C58 and GV2260) were co-
cultivated with the two types of explants (hypocotyl and shoot tip) to optimize 
factors that could contribute to the improvement of the Agrobacterium 
tumefaciens-mediated transformation of cabbage cv. KY Cross.  
 
The effect of preculture and acetosyringone on improvement of transformation 
frequency was determined by using three preculture treatments (without 
preculturing, preculturing on Callus Inducing Medium, and preculturing on Shoot 
Regeneration Medium) in combination with two different acetosyringone 
concentrations (0 and 100 μM)). The duration of three days preculture on the 
Callus Induction Medium in combination with 100 μM acetosyringone applied in 
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the Agrobacterium culture medium resulted the highest percentage of 
transformation from hypocotyl explants (15% and 30% using A. tumefaciens 
strain C58 and GV2260 respectively). Meanwhile, the highest percentages of 
transformation from shoot tip explants (12.5% and 17.5% using A. tumefaciens 
strain C58 and GV2260 respectively) were observed by the application of 100 µM 
acetosyringone in the Agrobacterium culture medium but without preculturing.  
 
The effect of bacterial dilution and inoculation time on improvement of 
transformation frequency was also determined. Three different bacterial dilution 
rates (1:5, 1:10, and 1:15) and three different inoculation times (5, 10, and 20 
min) were assessed. It was found that 1:10 Agrobacterial dilution and 5 minutes 
inoculation period resulted in the highest transformation frequency in both 
hypocotyl (20% and 35% using A. tumefaciens C58 and GV2260 respectively) 
and shoot tip explants (15% and 17.5% using A. tumefaciens C58 and GV2260 
respectively). 
 
A shoot induction system after cocultivation was established. Multiple shoot 
formation from hypocotyls and shoot tip explants of cabbage ( Brassica olarecea 
subsp. capitata) cultivar KY Cross was evaluated after cocultivation on MS 
medium containing 500 mg/L carbenicillin and different concentrations of BAP 
(0, 1, 2, 3 and 5 mg/L). The highest percentage of shoot formation and mean 
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number of shoots for both hypocotyl (87.5% and 90% using A. tumefaciens C58 
and GV2260 respectively) and shoot tip explants (92.5% and 95% using A. 
tumefaciens C58 and GV2260 respectively) were obtained on 2 mg/L BAP. The 
highest mean number of shoots for both hypocotyl (5.60 using both A. 
tumefaciens C58 and GV2260) and shoot tip explants (3.0 and 3.17 using A. 
tumefaciens C58 and GV2260 respectively) were also obtained on 2 mg/L BAP. 
 
Confirmation of the transformed lines was determined by PCR using primers of 
AtHSP101 gene. Observation of the expected sized fragment of 196 bp in some 
putative transformant lines confirmed the integration of AtHSP101 gene into the 
transformed plants genome. The highest percentages of transformation from 
hypocotyl and shoot tip explants were 45% and 32.5% respectively. 
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Satu kaedah transformasi melalui perantaraan Agrobacterium telah dibangunkan 
bagi kobis (Brasssica oleracea subsp. capitata) kultivar KY Cross dengan 
memasukkan gen AtHSP101. 
 
cDNA daripada AtHSP101 telah diklonkan pada tempat gusA pada vektor binari 
pCAMBIA1301 untuk menghasilkan satu binaan vektor binari bagi gen 
AtHSP101 yang berkesan untuk transformasi. Binaan tersebut dinamakan 
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pCAMHSP dan kejayaan pengklonan telah disahkan dengan analisis enzim 
penyekat dan ujian Tindakbalas Polimerase Berantai (PCR). Elektroforesis 
daripada hasil pencernaan gandadua vektor binari pCAMHSP (~12.5Kb) 
menunjukkan saiz jalur yang telahpun dijangka iaitu ~9800bp dan ~2750bp. Juga, 
analisis PCR telah menghasilkan suatu jalur ~2750 bp yang menunjukkan 
kehadiran AtHSP101 di dalam vektor binari pCAMHSP yang telah direkabentuk. 
 
Sebelum transformasi, kepekatan perencatan minima higromisin telah ditentukan 
untuk eksplan hipokotil dan tunas pucuk kobis kv. KY Cross untuk digunakan 
dalam pemilihan transforman putatif. Higromisin B pada paras 3.5 dan 10 mg/L 
telah dipilih sebagai kepekatan perencatan minima yang menyebabkan kematian 
masing-masing pada eksplan hipokotil dan tunas pucuk. 
 
Dua strain Agrobacterium tumefaciens yang berbeza (C58 dan GV2260) dikultur 
bersama dengan dua jenis eksplan (hipokotil dan tunas pucuk) untuk 
mengoptimakan faktor yang dapat menyumbang kepada peningkatan transformasi 
kobis kv. KY Cross melalui perantaraan Agrobacterium tumefaciens. 
 
Kesan daripada prakultur dan asetosiringon ke atas peningkatan kekerapan 
transformasi telah ditentukan dengan menggunakan tiga rawatan prakultur (tanpa 
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prakultur, prakultur ke atas Medium Induksi Kalus, dan prakultur ke atas Medium 
Regenerasi Tunas) yang dikombinasikan dengan dua kepekatan asetosiringon 
yang berbeza (0 dan 100 µM). Prakultur selama tiga hari di atas Medium Induksi 
Kalus yang dikombinasikan dengan pemberian 100µM asetosiringon telah 
meningkatkan kekerapan transformasi pada eksplan hipokotil (masing-masing 
15% pada A. tumefaciens strain C58 dan 30% pada GV2260). Manakala, 
peratusan transformasi paling tinggi daripada eksplan tunas pucuk (masing-
masing 12.5% pada A. tumefaciens strain C58 dan 17.5% pada GV2260) telah 
diamati dengan penggunaan 100 µM asetosiringon dalam media kultun 
Agrobacterium tetapi tanpa prakultur. 
  
Kesan daripada pencairan bakteria dan masa inokulasi ke atas peningkatan 
kekerapan transformasi telah juga ditentukan. Tiga purata pencairan bakteria yang 
berbeza (1:5, 1:10 dan 1:15) yang dikombinasikan dengan tiga masa inokulasi 
yang berbeza (5, 10 dan 20 minit) telah diuji. Didapati bahawa pencairan 
Agrobacteria 1:10 dengan masa inokulasi 5 minit menghasilkan kekerapan 
transformasi paling tinggi pada  kedua-dua eksplan hipokotil (masing-masing 
20% dengan menggunakan A. tumefaciens strain C58 dan 35% pada GV2260) dan 
tunas pucuk (masing-masing 15% dengan menggunakan A. tumefaciens strain 
C58 dan 17.5% pada GV2260). 
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Suatu kaedah induksi tunas setelah pengkulturan bersama telah dipastikan. 
Pembentukan tunas berganda daripada eksplan hipokotil dan tunas pucuk kobis 
(Brassica oleracea subsp. capitata) kultivar KY Cross telah dikaji setelah 
pengkulturan bersama di atas medium MS yang mengandungi 500 mg/L 
karbenisilin dan kepekatan BAP yang berbeza (0, 1, 2, 3 dan 5 mg/L). Peratus 
paling tinggi pembentukan tunas pada kedua-dua eksplan hipokotil (masing-
masing 87.5% dengan menggunakan A. tumefaciens strain C58 dan 90% pada 
GV2260)  dan tunas pucuk (masing-masing 92.5% dengan menggunakan A. 
tumefaciens strain C58 dan 95% pada GV2260) telah diperolehi pada 2 mg/L 
BAP. Peratus paling tinggi purata bilangan tunas pada kedua-dua eksplan 
hipokotil (5.60 dengan menggunakan kedua-dua A. tumefaciens strain C58 dan 
GV2260)  dan eksplan tunas pucuk (3.0 dengan menggunakan A. tumefaciens 
strain C58 dan 3.17 pada GV2260) juga telah diperolehi pada 2 mg/L BAP. 
 
Pengesahan jalur transformasi telah ditentukan melalui PCR menggunakan primer 
gen AtHSP101. Pengamatan saiz serpihan 196 bp pada transforman putatif telah 
mengesahkan integrasi gen AtHSP ke dalam genom tanaman yang telah 
ditransformasi. Peratus transformasi paling yang tinggi daripada eksplan hipokotil 
dan tunas pucuk masing-masing adalah 45% dan 32.5%. 
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A.tumefaciens strain C58 supplemented with 100 µM 
acetosyringone for 5 minutes (bar=0.28 cm). 
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5.9 Regeneration of putatively transformed shoots on selection 
medium (SRM supplemented with 500 mg/L carbenicillin 
and 10 mg/L hygromycin B) from shoot tip explant. The 
shoot tip explant without preculture was inoculated with 
1:10 dilution of A.tumefaciens strain C58 supplemented 
with 100 µM acetosyringone for 5 minutes (bar=0.5 cm). 
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5.10 Effect of bacterial dilution and inoculation time on 
production of putative transformants on hypocotyl explants 
of cabbage cv. KY Cross inoculated with A.tumefaciens 
strain GV2260 after 6 weeks of culture on selection medium 
(SRM supplemented with 500 mg/L carbenicillin and 3.5 
mg/L hygromycin B). 
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5.11 Effect of bacterial dilution and inoculation time on 
production of putative transformants on shoot tip explants 
of cabbage cv. KY Cross inoculated with A.tumefaciens 
strain GV2260 after 6 weeks of culture on selection medium 
(SRM supplemented with 500 mg/L carbenicillin and 10 
mg/L hygromycin B). 
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5.12 Regeneration of putatively transformed shoots on selection 
medium (SRM supplemented with 500 mg/L carbenicillin 
and 3.5 mg/L hygromycin B) from hypocotyl explant. The 
hypocotyl segment was precultured on a CIM medium for 
three days before inoculation with 1:10 dilution of 
A.tumefaciens strain GV2260 supplemented with 100 µM 
acetosyringone for 5 minutes (bar=0.28 cm). 
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5.13 Regeneration of putatively transformed shoots on selection 
medium (SRM supplemented with 500 mg/L carbenicillin 
and 10 mg/L hygromycin B) from shoot tip explant. The 
shoot tip explant without preculture was inoculated with 
1:10 dilution of A.tumefaciens strain GV2260 supplemented 
with 100 µM acetosyringone for 5 minutes (bar=0.6 cm). 
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